Antithrombotic therapy is an adjunctive pharmacology integral to percutaneous coronary intervention (PCI) using coronary stents. In angiographic follow-up after implantation of self-expanding, stainless steel coronary stents (WALLSTENT™; Boston Scientific, Marlborough, MA, USA) in 105 patients, Serruys et al reported complete stent occlusion in 25 patients (24%) 1 . The antithrombotic regimen after stent implantation at that time included intravenous heparin followed by an oral vitamin K antagonist for three to six months together with aspirin and dipyridamole. This intensive antithrombotic regimen was also associated with high rates of bleeding complications. Therefore, thrombosis and bleeding were the serious limitations of coronary stenting. Subsequently, in a report by Colombo et al on 359 patients with Palmaz-Schatz coronary stent implantation, the addition of a P2Y 12 receptor blocker, ticlopidine, together with high-pressure post-stent dilatation and intravascular ultrasound guidance resulted in extremely low rates of acute and subacute stent thrombosis (0.6% and 0.3%, respectively) without oral anticoagulation 2 . Stimulated by this seminal observation, the STARS (Stent Anticoagulation Restenosis Study) and ISAR (Intracoronary Stenting and Antithrombotic Regimen) trials were conducted. They demonstrated marked (~80%) reduction of the 30-day incidence of ischaemic events, in particular stent thrombosis, by the addition of ticlopidine on top of aspirin 3,4 . Based on these study results, dual antiplatelet therapy (DAPT) with aspirin and a P2Y 12 receptor blocker for one month has been firmly established as the standard of care after bare metal stent (BMS) implantation. Omission of anticoagulation resulted in a marked decrease of bleeding complications, thus opening up a new era of widespread use of coronary stents.
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Subsequently, the introduction of the drug-eluting stent (DES) drastically reduced the incidence of restenosis due to profound inhibition of neointimal hyperplasia 5, 6 . However, the delayed healing and inflammatory reactions after DES demonstrated in human autopsy studies raised concerns on the potentially higher risk for stent thrombosis after DES implantation with DAPT for one month 7, 8 . These theoretical concerns urged the interventional cardiology community to prolong the duration of DAPT after DES implantation based not on scientific evidence, but rather on inferences. However, it has not yet been established how long we should continue DAPT after DES implantation in a mandatory fashion. Also, there remain issues on the optimal antithrombotic regimen after this "mandatory" DAPT period 9 .
Optimal duration for "mandatory" DAPT after DES implantation
We might define the "mandatory" DAPT period after DES implantation as the period when DAPT is implemented to prevent stent thrombosis rather than to provide secondary prevention. Among the 10 randomised trials comparing DAPT durations, seven trials compared a DAPT duration of three to six months with that of one year or longer 10- 16 . In a meta-analysis of 15,870 patients from these seven trials, shorter DAPT (three to six months) was e 1387 EuroIntervention 2017; 13:e1386-e1391 Antithrombotic therapy after PCI associated with significantly lower risk for clinically significant bleeding (HR 0.57, 95% CI: 0.40-0.81) without increasing the risk for stent thrombosis (HR 1.20, 95% CI: 0.77-1.88) 17 . In the RESET (REal Safety and Efficacy of three-month dual antiplatelet Therapy following Endeavor zotarolimus-eluting stent implantation) and OPTIMIZE (Optimized Duration of Clopidogrel Therapy Following Treatment With the Zotarolimus-eluting Stent in Real-World Clinical Practice) trials, three months of DAPT was evaluated with the use of DES with relatively large late lumen loss, which means stent strut coverage similar to BMS; however, there has been no previous randomised controlled trial evaluating DAPT duration shorter than six months with the use of DES with small late lumen loss 15, 16 . Therefore, based on the currently available data from randomised trials, the optimal duration for "mandatory" DAPT after DES implantation would be shorter than one year; six months of DAPT would be a reasonable choice at the present time. However, the absolute incidence of major bleeding is higher than that of stent thrombosis, and the mortality impact of bleeding might be greater than that of myocardial infarction 18, 19 . Therefore, the endeavour to shorten further the duration of "mandatory" DAPT would be clinically relevant, if it could be safely accomplished without increasing the risk for stent thrombosis.
Endeavours to achieve ultra-short DAPT
In the STOPDAPT (ShorT and OPtimal duration of Dual AntiPlatelet Therapy after everolimus-eluting cobalt-chromium stent) prospective single-arm trial, we demonstrated the safety of three-month DAPT after cobalt-chromium everolimus-eluting stent (CoCr-EES) implantation. Compared with the historical CoCr-EES group in the RESET (Randomized Evaluation of Sirolimuseluting versus Everolimus-eluting stent Trial), where nearly 90% of patients had continued DAPT at one year, the cumulative incidence of the primary endpoint (a composite of cardiovascular death, myocardial infarction, stroke, definite stent thrombosis and Thrombolysis In Myocardial Infarction [TIMI] major/minor bleeding at one year) trended to be lower in STOPDAPT than in RESET (2.8% versus 4.0%, p=0.06), and the adjusted hazard ratio favoured STOPDAPT with three-month DAPT (HR 0.64, 95% CI: 0.42-0.95, p=0.03), with no definite stent thrombosis at one year among 1,525 study participants 20, 21 . Thus, a "mandatory" DAPT duration of three months might be acceptable in selected patients with CoCr-EES implantation. Nevertheless, three-month DAPT would still be too long in patients with high bleeding risk.
In the LEADERS FREE (Prospective Randomized Comparison of the BioFreedom Biolimus A9 Drug-Coated Stent versus the Gazelle Bare-Metal Stent in Patients at High Bleeding Risk) trial, a polymer-free drug-coated stent was superior to BMS with respect to the primary safety endpoint of a composite of cardiac death, myocardial infarction, and stent thrombosis under a onemonth course of DAPT in patients at high bleeding risk 22 . With only a one-month course of DAPT, the rate of definite or probable stent thrombosis at one year with a polymer-free drug-coated stent was comparable to that with BMS (2.0% and 2.2%, respectively).
However, it might be important to note that the 2.0% rate of stent thrombosis at one year with a polymer-free drug-coated stent seemed to be higher than the rates reported for the new-generation polymer-based DES, in particular CoCr-EES 23 .
One step further from the LEADERS FREE trial results, the next logical research question would be "Is it equally safe to use polymer-based DES with small late lumen loss instead of a polymer-free drug-coated stent with only a one-month course of DAPT?". There has been no head-to-head large-scale comparison between a polymer-free drug-coated stent and a polymer-based DES. However, in ex vivo and in vivo experimental models, the thrombogenicity of polymer-coated CoCr-EES was lower than its bare metal counterpart. Contrary to popular perception, drug/polymer coatings do not inherently increase thrombogenicity, but actually reduce thrombosis 24 . Furthermore, recent meta-analyses have clearly demonstrated a markedly lower risk of ST with CoCr-EES as compared with BMS 25, 26 . We have been using BMS with only a one-month course of DAPT for more than 20 years without much concern on safety. One might argue why we adopt a DAPT duration longer than one month with the use of polymer-based DES, despite their less thrombogenic attribute as compared with BMS. In the case of BMS, there has been no randomised trial comparing the traditional one-month DAPT versus prolonged DAPT. In reality, the safety of one-month DAPT has not yet been formally established in patients who received BMS. However, in an observational study, we have demonstrated that a short DAPT duration of <2 months after BMS implantation was as safe as a prolonged DAPT duration of >=2 months, regardless of the clinical presentation with or without acute myocardial infarction 27 . Taking all these observations into account, it might be reasonable to hypothesise that CoCr-EES and other new-generation polymer-based DES would achieve clinical outcomes at least comparable to, or even better than, polymer-free drug-coated stents under a one-month course of DAPT. Given this background, we have launched the STOPDAPT-2 (ShorT and OPtimal duration of Dual AntiPlatelet Therapy after everolimus-eluting cobalt-chromium stent-2; ClinicalTrials.gov number: NCT02619760) trial, which is a non-inferiority trial comparing onemonth DAPT with 12-month DAPT in terms of a primary composite endpoint of cardiovascular death, myocardial infarction, stroke, stent thrombosis, or TIMI major/minor bleeding in 3,000 patients who underwent PCI using CoCr-EES. In both arms, patients are on aspirin and a P2Y 12 receptor blocker (either clopidogrel or prasugrel) during the initial one-month period after stent implantation. Beyond one month, patients are on clopidogrel monotherapy in the experimental arm, while patients are on DAPT with aspirin and clopidogrel up to 12 months in the control arm. Two other large randomised trials are exploring one-month DAPT after polymer-based DES implantation. The Global LEADERS trial (ClinicalTrials.gov number: NCT01813435) is a superiority trial in terms of death or new Q-wave myocardial infarction, in which a new regimen involving DAPT with aspirin and ticagrelor for one month followed by ticagrelor monotherapy up to 24 months is compared with the standard regimen involving 12 months of DAPT followed e 1388 EuroIntervention 2017;13:e1386-e1391 by aspirin monotherapy up to 24 months in 16,000 patients who underwent PCI using a biodegradable polymer biolimus-eluting stent. Both Global LEADERS and STOPDAPT-2 are designed as all-comers trials. The MASTER-DAPT (MAnagement of patients post bioresorbable polymer STEnt implantation with an abbreviated DAPT regimen; ClinicalTrials.gov number: NCT03023020) trial will enrol 4,300 patients with high bleeding risk who underwent successful implantation of a biodegradable polymer sirolimuseluting stent. Following a mandatory one month of DAPT, patients will be randomised either to continue DAPT, or to transition to antiplatelet monotherapy to demonstrate non-inferiority at 12 months in terms of the primary endpoint of net adverse clinical events. Results from these ultra-short DAPT trials will provide crucial information to define the optimal duration of the "mandatory" DAPT period after DES implantation.
Optimal antithrombotic regimen after the "mandatory" DAPT period
Monotherapy with an antiplatelet agent would continue to be the bottom-line treatment after the "mandatory" DAPT period in patients with DES implantation. After stopping DAPT, lifelong administration of low-dose aspirin has been the standard of care in patients who underwent DES implantation. However, monotherapy with a P2Y 12 receptor blocker could also be an option, considering the concerns on gastrointestinal mucosal injury associated with low-dose aspirin monotherapy. CAPRIE (Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events) is a 19,815-patient prospective randomised trial assessing the relative efficacy of clopidogrel (75 mg once daily) and aspirin (325 mg once daily) in reducing the risk of a composite endpoint of ischaemic stroke, myocardial infarction, or vascular death in patients with atherosclerotic vascular disease manifesting as either recent ischaemic stroke, recent myocardial infarction, or symptomatic peripheral arterial disease (PAD) 28 . Clopidogrel monotherapy as compared with aspirin monotherapy was associated with a significant 8.7% risk reduction for the primary endpoint (annual event rate: 5.32% vs. 5.83%; HR 0.913, 95% CI: 0.835-0.97, p=0.043), and a numerically lower incidence of gastrointestinal bleeding (1.99% vs. 2.66%), and intracranial bleeding (0.35% vs. 0.49%). The relative risk reduction was greatest in the PAD subgroup (23.8% [8.9-36.2], p=0.0028), followed by that in the stroke subgroup (7.3% [-5.7-18.7], p=0. 26) , and that in the myocardial infarction subgroup (-3.7% [-22.1-12.0]). Driven by these subgroup analysis results in CAPRIE, and considering the cost-effectiveness issue, clopidogrel monotherapy was not regarded as the standard of care in the field of coronary artery disease. However, the CAPRIE trial was reported 20 years ago, in which very few patients with previous coronary stent implantation were included, and other medications were different from the current standard, in particular the use of statins. Also, the frequent need for the use of proton-pump inhibitors to prevent gastrointestinal mucosal injury and bleeding associated with aspirin use would diminish the favourable cost-effectiveness profile of aspirin as compared with a P2Y 12 receptor blocker. Therefore, it would be clinically relevant to revisit the relative efficacy of aspirin versus a P2Y 12 receptor blocker in a contemporary post-PCI population. In the STOPDAPT-2 trial, clopidogrel monotherapy will be continued up to five years after stopping DAPT at one month in the experimental arm, while aspirin monotherapy will be continued up to five years after stopping DAPT at 12 months in the control arm. In the Global LEADERS trial, ticagrelor monotherapy is continued up to two years after stopping DAPT at one month in the experimental arm, while aspirin monotherapy is continued up to two years after stopping DAPT at 12 months in the control arm. Longterm follow-up results from these trials would help define the optimal antithrombotic regimen after the "mandatory" DAPT period.
More intensive antithrombotic therapy
Another direction in the antithrombotic management in the chronic phase after DES implantation is the use of more intensive antithrombotic therapy for further prevention of ischaemic cardiovascular events. The Dual antiplatelet therapy (DAPT) study, a large international, multicentre, randomised, placebo-controlled trial, demonstrated that DAPT beyond one year up to 30 months after placement of a DES, as compared with aspirin therapy alone, significantly reduced the risks of stent thrombosis and major cardiovascular and cerebrovascular events 29 . Considering the current trend for the shorter period of "mandatory" DAPT after DES implantation, the DAPT study should be regarded as a secondary prevention trial. The DAPT study did not have any enriching criteria to focus on the high ischaemic risk patients, but enrolled only those patients who could tolerate DAPT for one year. Despite this elimination of high bleeding risk patients, prolonged DAPT as compared with aspirin alone was associated with significantly higher risk for GUSTO (Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Arteries) moderate/severe bleeding (2.5% vs. 1.6%, p=0.001). There was also a signal suggesting increased mortality in patients receiving prolonged DAPT (2.0% vs. 1.5%, p=0.05). In our recently published meta-analysis, we compared the efficacy and safety of prolonged DAPT in the DAPT study with that in the other nine trials comparing short versus long DAPT duration. Both the DAPT study and the other nine trials showed a significant reduction of stent thrombosis and myocardial infarction; however, the magnitude of risk reduction was much smaller in the nine trials than in the DAPT study (stent thrombosis: pooled OR 0.63 [95% CI: 0.38-1.03] versus OR 0.29 [95% CI: 0.17-0.48]: p=0.03 for difference, and myocardial infarction: pooled OR 0.88 [95% CI: 0.67-1.15] versus OR 0.48 [95% CI: 0.38-0.62]: p=0.001 for difference) 30 . On the other hand, prolonged DAPT as compared with aspirin alone across the 10 trials was associated with higher risk for bleeding (OR 1.79, 95% CI: 1.45-2.22, p<0.001), and for allcause death (OR 1.19, 95% CI: 1.0-1.41, p=0.053). The trends for excess risk of prolonged DAPT relative to aspirin alone for bleeding ( Antithrombotic therapy after PCI p=0.53 for difference) were seen consistently in both the DAPT and the other nine trials. The signal suggesting the excess mortality risk with prolonged DAPT seriously discourages the widespread use of prolonged DAPT in routine clinical practice.
Another trial exploring the use of more intensive antithrombotic therapy is the PEGASUS-TIMI 54 (Prevention of Cardiovascular Events in Patients with Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin-Thrombolysis in Myocardial Infarction 54) trial, in which 21,162 patients who had had a myocardial infarction one to three years earlier were randomly assigned to ticagrelor at a dose of 90 mg twice daily, ticagrelor at a dose of 60 mg twice daily, or placebo on top of low-dose aspirin 31 . The patients had to have one of the following additional high-risk features: age 65 years or older, diabetes mellitus requiring medication, a second prior spontaneous myocardial infarction, multivessel coronary artery disease, or chronic renal dysfunction, defined as an estimated creatinine clearance of less than 60 ml per minute. The two ticagrelor doses each reduced, as compared with placebo, the cumulative three-year incidence of the primary efficacy composite endpoint of cardiovascular death, myocardial infarction, or stroke (ticagrelor 90 mg: 7.85%, ticagrelor 60 mg: 7.77%, and placebo: 9.04%; ticagrelor 90 mg versus placebo: HR 0.85, 95% CI: 0.75-0.96, p=0.008, and ticagrelor 60 mg versus placebo: HR 0.84, 95% CI: 0.74-0.95, p=0.004). Rates of TIMI major bleeding were higher with ticagrelor than with placebo (2.60%, 2.30%, and 1.06%, p<0.001 for each dose versus placebo). There was no signal suggesting increased mortality.
The most recently reported study exploring the use of more intensive antithrombotic therapy is the COMPASS (Cardiovascular Outcomes for People Using Anticoagulation Strategies) trial, in which 27,395 participants with stable atherosclerotic vascular disease were randomly assigned to receive rivaroxaban (2.5 mg twice daily) plus aspirin, rivaroxaban (5 mg twice daily), or aspirin (100 mg once daily) 32 . Patients with coronary artery disease who were younger than 65 years of age were also required to have documentation of atherosclerosis involving at least two vascular beds or to have at least two additional risk factors (current smoking, diabetes mellitus, an estimated glomerular filtration rate <60 ml per minute, heart failure, or non-lacunar ischaemic stroke ≥1 month earlier). The primary outcome (a composite of cardiovascular death, myocardial infarction, or stroke) was significantly reduced in the rivaroxaban-plus-aspirin group compared to the aspirin alone group (4.1% vs. 5.4%; HR 0.76, 95% CI: 0.66-0.86, p<0.001), but the rate of major bleeding was significantly higher in the rivaroxaban-plusaspirin group compared to the aspirin alone group (3.1% vs. 1.9%; HR 1.70, 95% CI: 1.40-2.05, p<0.001). The rate of all-cause death was also significantly lower in the rivaroxaban-plus-aspirin group compared to the aspirin alone group (3.4% vs. 4.1%, p=0.01).
Considering the results from these three trials, the use of a more intensive antithrombotic therapy could reduce ischaemic cardiovascular events, but consistently increase the bleeding events in patients with chronic stable coronary artery disease including post-PCI patients. It would be important to note that the participants in these trials are carefully selected patients with high ischaemic risk, but without high bleeding risk. Balancing the risks and benefits is needed in considering more intensive antithrombotic therapy for patients with chronic stable coronary artery disease. Therefore, accurate risk stratification is mandatory in selecting the candidate patients for more intensive antithrombotic therapy. The DAPT study group has recently developed the DAPT score to estimate both the ischaemic and bleeding risks with a single scoring system 33 . The DAPT score successfully identified the two groups of patients internally within the DAPT study in whom DAPT continuation beyond one year provided benefit of ischaemic protection and in whom it caused harm from bleeding. However, it still seems challenging to identify who derives benefit or harm from more intensive antithrombotic therapy, because the predictive factors for ischaemic and bleeding events often overlap. We should develop accurate and user-friendly risk scores that could stratify the ischaemic risk and the bleeding risk separately. In real clinical practice, the proportion of patients with high bleeding risk would be higher than that in randomised clinical trials. In patients with high bleeding risk, preventing bleeding events would be much more important than preventing ischaemic events. Thus, the use of more intensive antithrombotic therapy would be precluded in this patient population. Given the cost issue and the iatrogenic nature of the bleeding events under antithrombotic therapy, the benefits from more intensive antithrombotic therapy should far outweigh the risk. We should identify those patients with high ischaemic risk, but without high bleeding risk, in whom more intensive antithrombotic therapy would provide a substantial magnitude of absolute risk reduction for ischaemic events without increasing mortality.
